Seasonally averaged quiet-day F region ionospheric E x B drift observations from the Millstone Hill, St. Santin, Arecibo, and Jicamarca incoherent scatter radars are used to produce a model of the middleand low-latitude electric field for solar m'mimum conditions. A function similar to an electrostatic potential is fitted to the data to provide model values continuous in latitude, longitude, time of day, and day of the year. This model is intended to serve as a reference standard for applications requiring global knowledge of the mean electric field or requiring information at some location removed from the observing radars.
INTRODUCTION
Knowledge of the ionospheric electric field is useful in several branches of upper atmospheric physics. The electric field at middle and low latitudes on magnetically quiet days is believed to be produced mainly by the dynamo action of thermospheric winds [e.g., Evans, 1978; Blanc, 1979; Richmond, 1979] , so that knowledge of the electric field can be used to gain further information about the winds and the dynamo mechanism. The electric field causes the ionospheric and plasmaspheric plasmas to drift perpendicular to the geomagnetic field and, consequently, is important for the dynamic variations of these plasmas [e.g., Matsushita and Tarpley, 1970; Roble, 1975; Kohl, 1976; Richmond, 1976; Rishbeth, 1977 [Fejer et al., 1980] 
EMPIRICAL MODEL
We wish to determine a global function which adequately represents the observed drifts at all four stations simultaneously, and also gives a 'reasonable' representation of the drifts to be expected at other locations. It should be obvious that a reasonable representation at locations where no data are available depends to some extent on subjective judgments.
As a first step, we adopt a coordinate system linked to the geomagnetic field. A primary reason for this is that we expect magnetic field lines to be nearly equipotential [e.g., Dougherty, 1963; Peterson et al., 1977] , so that there is a high degree of correspondence of the transverse electric field between conjugate points in the ionosphere. Magnetic apex coordinates [Van Zandt et al., 1972a, b] have the desirable properties that conjugate points have the same latitude and longitude coordi, nates and that all field lines of a given apex latitude peak at the same height above the earth for any longitude (unlike, say, invariant coordinates). Because magnetic apex latitude 3,.
• is defined to be constant along a magnetic field line and to be zero along the magnetic equator at the earth's surface, at 300-km altitude, 3,, jumps from -12.24 ø to +12.24 ø across the magnetic equator. For our fitting procedure it is more convenient to have a magnetic latitude coordinate which goes to zero at the magnetic equator at 300 kin, and so we define our magnetic colatitude 8 in terms of 3,. having characteristics one would expect of an electrostatic potential generated by ionospheric winds with a daily variation independent of geographic longitude, and a seasonal variation symmetric about the geographic equator, blowing in a tilted centered dipole magnetic field. That is, the potential on one side of the earth at the December solstice is identical to that at the opposite side of the earth at the June solstice, and the potential on opposite sides of the earth is identical at the equinoxes. As we have very little information about longitudinal variations of the electric field, this assumption is made for convenience to limit the number of terms in the series. Third, to further limit the terms to a total of 128 (a convenient com- Our data base should be adequate to permit examination of longitudinal (or UT) variations of the drift patterns at midlatitudes in the North Atlantic region. Figure 6 shows seasonal average drifts at 40 ø magnetic latitude and at two magnetic longitudes: 78 ø corresponds to St. Santin, while 3 ø corresponds to a point between Millstone Hill and Arecibo. The patterns are fairly similar, but a few differences are noticeable. The upward/poleward drift tends to be shifted positive at 3 ø with respect to that at 78 ø, at all local times and all seasons. The eastward drift tends to have a larger diurnal amplitude at 78 ø than at 3 ø, particularly in the D months.
Our confidence in the reliability of the latitude-local time maps of pseudopotential can be increased by averaging over universal time. The structure of our model is such that the universal-time-averaged pseudopotential varies semiannually. Figure 7 shows maps of the UT-averaged pseudopotential for solstitial and equinoctial conditions, as well as for the average over the year. The yearly average pattern is generally similar to that found by Richmond [1976] , but there are differences which can be associated with the different data bases used. Figure 8 shows the corresponding UT-averaged drifts at 10 ø latitude spacings, again for solstitial, equinoctial, and yearly average conditions. A few features of the UT-averaged model drifts are worthy of comment. We confine our attention to the daytime hours, where the data base is more reliable. The daytime amplitude of the upward/poleward drifts is larger at the equinoxes than at the solstices. A significant seasonal variation in the time of maximum drift is also apparent, the solstitial phase being later than the equinoctial at low latitudes, but earlier at higher latitudes. The east-west drifts tend to have a daily mean westward component at higher latitudes and a daily mean eastward component at low latitudes, this tendency being stronger at solstice than at equinox. The daily variation of the east-west drift is primarily diurnal, the amplitude generally decreasing with increasing latitude. The phase of the diurnal variation shifts gradually earlier with increasing latitude up to 40 ø and then shifts more strongly to earlier times at higher latitudes.
The As more ionospheric electric field data are collected, it may be desirable to produce models with greater accuracy and applicability than the present one has. Extensions of the data base to higher latitudes, to other longitude sectors, and to different solar cycle conditions would clearly be of value.
